Background-Previous studies on familial risk of ischemic stroke have supported genetic influence on the disease incidence. This study aimed to characterize these familial effects in a nationwide population-based study by taking into account sibling relations, sex of siblings, and age of onset, with respect to ischemic stroke incidence.
T he evidence for ischemic stroke being a heritable disease has increased over the years, with increasing number of studies showing familial aggregation of stroke. Family and twin studies have suggested genetic influence in the susceptibility to ischemic stroke, [1] [2] [3] [4] [5] but the number of genetic variants associated with stroke is modest. 6 -8 Twin studies provide data suggesting strong familial inheritance of stroke risk. [1] [2] [3] [4] [5] Concordance rates of stroke are significantly higher in monozygotic twins compared with dizygotic twins of approximately 5-fold increase in stroke prevalence between the 2. 1, 2 
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Paternal and maternal history of stroke has been associated with increased stroke risk. 3 Self-reported family history may be highly inaccurate owing to significant reporting or misclassification bias when compared with a validated family history. A systematic review found few studies carried out with detailed stroke phenotype, consideration of the number of affected or unaffected relatives, and influence of family history on stroke development. 9 A population-based study carried out in Sweden a few years ago teased out the difference of genetic influence between the 2 major subtypes of stroke, ischemic and hemorrhagic stroke. 10 They also found sibling concordance of stroke, whereas there was no increased risk for spouses of individuals with stroke, suggesting a greater effect of genetic factors rather than environmental ones. To our knowledge, studies addressing potential effects of sex, age at onset, or sibling kinship on familial risk of ischemic stroke were either small in sample sizes and/or heterogeneous stroke types with inconclusive findings, 3,4,10 -18 and no studies looked at the possible interactions between these factors. Meschia and colleagues previously explored the relationship between familial clustering of stroke and age of onset in ischemic stroke subjects and did not find any difference in stroke clustering between older and younger siblings. 5 Another study by Brass et al, in twins, suggested otherwise, with the magnitude of inherited component of stroke attenuated with age. 2 Hence, the goal of our study was to estimate the familial risk of ischemic stroke in a very large, nationwide populationbased study. Specifically, we wanted to study the sibling kinship, sex, and age effects in the heritability of ischemic stroke, by taking into account the status of full or half relations and sex of siblings, and age of onset in incident ischemic stroke.
Methods

Study Populations and Design
Our study design ( Figure 1 ) was a nationwide matched cohort study based on pairs of siblings born and still living in Sweden, identified through the Swedish Multi-Generation Registry (MGR). The Swedish Hospital Discharge Register (HDR) and Cause of Death Register (CDR) were used to identify individuals with ischemic stroke as primary diagnosis or primary cause of death, respectively, between January 1, 1987, and December 31, 2007. 19 Ischemic stroke was defined according to the International Classification of Diseases, Ninth Edition (ICD-9) Diagnostic Codes 433, 434, 436, and 437.1, and International Classification of Diseases, 10 th Edition (ICD-10) Diagnostic Code I63 as registered in the HDR and CDR after January 1, 1987. To be included in our study, siblings of stroke individuals from the HDR had to be free from stroke at the time of stroke diagnosis in the sibling, thus making up the subjects of interest in our study (called exposed study participant from now on). This study participant and their sibling with ischemic stroke are hence the exposed sib-pair; or in other words, an exposed study participant was defined as a stroke-free individual having a sibling with ischemic stroke at baseline. Each exposed sib-pair was then matched up to 5 unexposed pairs (from the MGR), where an unexposed study participant was defined as a stroke-free individual having a sibling without prior ischemic stroke at the time of inclusion (called unexposed study participant from now on). The matching was done by birth year of both siblings and the age of ischemic stroke onset of the sibling (ie, calendar time). We only allowed for selection of 1 sib-pair per family, so there are no first-degree relatives in the dataset, beyond the chosen sib-pairs; however, since the MGR does not contain information on individuals in the grandparent generation, there could be first and second cousins. Following this design, we included a total of 30 735 exposed and 152 391 unexposed study participants. Information on sibling status (full or half), sex, birth date, hospitalizations with ischemic stroke, and deaths (including causes of death) were collected. Study participants were followed up until an ischemic stroke event, death, or end of follow-up period at December 31, 2007, whichever came first.
Data Sources
The HDR is a register collecting data on inpatients treated at public hospitals with a nationwide coverage since 1987 onward. This register contains information on dates of admission and discharges, with up to 8 discharge diagnosis codes, the first representing the principal cause of hospitalizations. The CDR, a nationwide reporting system, documents death and causes of death since 1749. Together with the HDR, the CDR was used to collect information on ischemic stroke and deaths in our study population. The MGR is a national register consisting of all individuals born in 1932 onward who had been registered in Sweden since 1961. This register has the ability to connect individuals to their biological and adoptive parents and, henceforth, siblings through the unique Swedish personal identity numbers (PINs) assigned to all individuals born in Sweden or who relocate to Sweden for a period of 1 year and longer. These PINs can be used to link data in various national registers, such as the HDR and the CDR. The National Census Data (1990) and the Education Registry (after 1990) were used to collect information on education level (where we further categorized this education level into 4 main groups for analyses: primary school, secondary-technical school, secondary-theoretical school, and college/university), as a proxy for socioeconomic status.
The study was approved by the Regional Ethics Committee Stockholm (2009/940-31/5).
Statistical Analyses
We calculated the time from the incident ischemic stroke event in the sibling (or the corresponding time of entry of study participant) until an ischemic stroke event or an ischemic stroke death or censoring due to death from other causes or end of follow-up at December 31, 2007, in the study participant. The relative risks (RR) of ischemic stroke comparing exposed study participants (individuals having a sibling with ischemic stroke) with unexposed study participants (individuals having a sibling without ischemic stroke) were estimated by calculating the hazard ratios from stratified Cox regression models, using matching factors to define strata, to account for the matched study design. The crude age-, sex-, and education-adjusted RR and 95% Wald-type confidence intervals (CI) of incident ischemic stroke events in exposed versus unexposed were estimated. To assess the role of familial risk of early stroke onset, we also analyzed the risk of stroke before the age of 55. The Cox models were also fitted in subgroups of full/half siblings, sex, sex of the sibling, and by age of ischemic stroke in the sibling (early: Յ55; late: Ͼ55). Proportional hazard assumption was tested using Schoenfeld residuals. 20 Two-tailed significance values were given with PϽ0.05 regarded as significant. Data were analyzed using SAS version 9.2 and STATA for Windows version 12 packages.
Results
In this study, a total of 30 735 exposed (individuals having a sibling with ischemic stroke) and 152 391 unexposed (individuals having a sibling without ischemic stroke) study participants were included, generating a total of 208 080 and 1 036 809 person years of follow-up, respectively. The numbers of incident ischemic stroke events during follow-up were 717 among the exposed and 2242 among the unexposed. Cumulative incidence of ischemic stroke in our study participants was shown to be much higher in those whose siblings previously had ischemic stroke ( Figure 2 ). Table 1 shows the characteristics of our study participants and their siblings.
Overall, the study participants who had been exposed to ischemic stroke were observed to have ϳ60% higher risk of incident ischemic stroke compared with those who had not been exposed ( Table 2 ). Having either full or half siblings with stroke was statistically significantly associated with the risk of incident ischemic stroke; however, this difference in RR between types of sibling relation was not statistically significant. There were no statistically significant differences in RR across gender of the study participants or their siblings. Table 3 displays the rate of incident ischemic stroke in the study participants when the exposure was defined according to their siblings' age of ischemic stroke onset. The risk of incident ischemic stroke in the study participants was elevated by 1.67-fold in those exposed to siblings with early stroke compared with those unexposed and only 1.58-fold in those exposed to late stroke compared with those unexposed. The pattern of higher risk in those exposed to siblings with early stroke compared with those exposed to siblings with late stroke was consistently observed among different sibling relations, sex of study participants, and sex of their siblings (Table 3) .
Overall, having a sibling with an early ischemic stroke significantly increased the study participants' risk of having an early ischemic stroke by approximately 2-fold (Table 4 ). Having a full sibling with early stroke increased the risk of an early stroke by 2.16-fold. Such an association was not observed in half-sibling relation; however this may be owing to the small number of affected half siblings in our study group. Again, higher RR could be observed among those exposed to full siblings with early stroke compared with those exposed to half siblings with early stroke, but this association was not statistically significant (P for interactionϭ0.1218). Neither sex of the sibling nor of the study participant seemed to affect the increased familial risk of having an early ischemic stroke.
Three-way interaction analyses between sex of study participants and sex of siblings, between sex of study participants and sibling relation, and between sex of sibling and sibling relation were performed; however, none of these interactions were statistically significant (online only Data Supplemental Table I ).
Figure 2.
Graphs of cumulative incidence for study participants between those exposed to ischemic stroke compared with those unexposed in the whole study population (left) and between those exposed to early ischemic stroke compared with those unexposed in study participants with early ischemic stroke (right). Additional analyses were also carried out on a smaller subset of samples where data on education level was available (online-only Data Supplemental Tables II and III) . The crude estimates displayed a very similar pattern compared with those in Tables 2 and 3, indicating that the subsample where this information was available was representative of the full sample. Adjustment for education levels in both the study participants and their siblings did not change the estimates to any appreciable extent.
Discussion
In this study of familial effects of ischemic stroke incidence in relation to the role of sibling kinship, sex, and age of onset, we found that, among a total of 30 735 exposed and 152 391 unexposed study participants from all over Sweden, having a sibling with ischemic stroke increased the risk of having an ischemic stroke by 60%. This is consistent with various studies showing familial aggregation of stroke, although the magnitude varies owing to the difference in study population and heterogeneity of stroke types. 3, 4, 10, 11, 15 This risk was further increased when restricting the analysis to having a full sibling with stroke, although having a half sibling was not associated with an increased risk. Previous studies had demonstrated the existence of familial risk between siblings and the aggregation of multiple stroke risk factors among them 4, 11 ; however, to our knowledge, there are no studies to date quantifying the detailed relationship of sibling kinship in this sibling association. Our finding of higher risk in full siblings emphasize the role of genetic factors in the transmission of familial risk for ischemic stroke.
Sex differences in the transmission of stroke within families had garnered substantial interest over the years, with several population-based studies 16 and a meta-analysis 17 showing differences in the heritability of stroke and transient ischemic attack between men and women. In the meta-analysis, women were shown to be more likely than men to have a history of stroke among female first-degree relatives, suggesting sex-specific transmission in stroke. 17 In our study, we did not look at this parent-offspring relationship; however, we found that, among siblings, sex of neither study participants nor siblings seemed to affect the familial risk of ischemic stroke differently. This is consistent with studies of incident stroke that have suggested no sex differences in lifetime risk of stroke. 21, 22 Having a sibling with early onset ischemic stroke doubled the risk of the study participant to have an early onset ischemic stroke. This is consistent with other studies where independent association between family history of stroke and 
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ischemic stroke with early onset age was found, albeit the slight difference in the cut-off age of early stroke onset. 4, 14, 15 Both studies by MacClellan et al and Schulz et al have found association between familial aggregation of stroke and younger age of onset in white and black women, and British men and women, respectively. 4, 15 The strengths of our study include the publicly available and financed Swedish health system, which gives nationwide coverage, resulting in a very large, representative sample, allowing us to study the familial risks of ischemic stroke, taking sibling relations, sex of siblings, and age of onset into account. The possibility to account for socioeconomic factors, the prospectively collected data, the nondifferential follow-up of both ischemic stroke incidence and mortality, and the inclusion of only ischemic stroke, instead of all strokes (which include hemorrhagic strokes), are other important strengths of this study. Several limitations should be acknowledged as well. Due to truncation of the registers' data, inclusion into the cohort was conditional of (1) sib-pair being alive after 1987; and (2) sib-pairs older than 55 years of age in 1987 could not be included (since they would have been born before 1932). As a consequence, age at diagnosis is likely to be confounded by calendar time, since the proportion of older individuals in this study increase from 1987 to 2007; however, this potential limitation was dealt with by taking both age and calendar time into account in the study design. Further, subjects with stroke events occurring before 1987 could be falsely classified as healthy (since the coverage of the register was not complete until 1987); thereby diluting a real recurrence ratio of 1. This bias would drive the associations toward the null. In the present study, we did not have information on stroke subtypes within ischemic stroke, which have been indicated to be important in the heritability of stroke. 23 Finally, we did not have information on vascular risk factor information (such as hypertension, diabetes, hypercholesterolemia, diet, and physical activity), which have been suggested to be associated to familial aggregation of stroke or, by themselves, have heritability component. We acknowledge that it would have improved our study if we had this information; however, these factors would rather act as mediators than confounders, as they are along the causal pathway between familial factors and our outcome of interest, and lacking this information would not invalidate our findings.
Our findings could have a considerable public health importance in the education about ischemic stroke in the general population, and they may be relevant for the practicing clinicians when advising patients with first-degree relatives with prior stroke. Furthermore, our results may be useful for planning future studies where interaction analyses between factors will be explored.
In conclusion, we found a 60% increased risk for ischemic stroke in individuals having a sibling with prior stroke. The risk was stronger for full siblings compared with half siblings. Having a sibling with early ischemic stroke doubled the risk of early ischemic stroke. There were no sex differences in the familial inheritance of ischemic stroke.
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